By telescopic tracking, we have established that the transneptunian object (TNO) 2000 CR 105 has a semimajor axis of 220 ± 1 AU and perihelion distance of 44.14 ± 0.02 AU, beyond the domain which has heretofore been associated with the "scattered disk" of Kuiper Belt objects interacting via gravitational encounters with Neptune. We have also firmly established that the TNO 1995 TL 8 has a high perihelion (of 40.08 ± 0.02 AU). These objects, and two other recent discoveries which appear to have perihelia outside 40 AU, have probably been placed on these orbits by a gravitational interaction which is not strong gravitational scattering off of any of the giant planets on their current orbits. Their existence may thus have profound cosmogonic implications for our understanding of the formation of the outer Solar System. We discuss some viable scenarios which could have produced these objects, including longterm diffusive chaos and scattering off of other massive bodies in the outer Solar System. This discovery implies that there must be a large population of TNOs in an "extended scattered disk" with perihelia above the previously suggested 38 AU boundary. The total population is difficult to estimate due to the ease with which such objects would have been lost. This illustrates the great value of frequent and well time-sampled recovery observations of trans-neptunian objects within their discovery opposition. c 2002 Elsevier Science (USA)
INTRODUCTION
Current nomenclature commonly divides the trans-neptunian region of the solar system into the "Kuiper Belt" (consisting of so-called "classical belt" objects and "resonant objects" in various mean-motion resonances with Neptune), and the "scattered disk" (Jewitt et al. 1998) . Finer distinctions and subpopulations are possible (see Gladman 2002) . The "scattered disk" is a structure that was observed to form naturally in simulations of orbital perturbation of comets exterior to Neptune (Torbett and Smoluchowski 1990) and of the delivery of Jupiter-family comets from the Kuiper Belt . The first recognized member of this population of scattered disk objects (SDOs) was 1996 TL 66 (Luu et al. 1997) ; since that time of order 40 have been identified (cf., Trujillo et al. 2000) , with orbital determinations of varying quality.
In studies of dynamical chaos in the trans-neptunian region, Torbett and Smoluchowski (1990) realized that many objects with chaotic dynamics outside 30 AU would eventually encounter Neptune and be dispersed into a large scattered disk, but they did not examine the dynamics of these objects in detail. While studying the transport of Jupiter-family comets toward the Sun from a putative Kuiper Belt source, Duncan and Levison (1997) showed that as trans-neptunian objects (TNOs) leave the Kuiper Belt after encountering Neptune, some are scattered outward to large, long-lived external orbits rather than being passed inward to the other giant planets; they also calculated the steady-state orbital distribution of this material. They showed that high-order orbital resonances could temporarily raise orbital perihelia and thus temporarily "decouple" some of these objects from Neptune. Because these groups of dynamicists observed this structure's creation via gravitational scatterings with Neptune, the term "scattered disk" arose.
Once on scattered orbits, the SDO population dynamically eroded as SDOs are eventually perturbed by Neptune back onto orbits geometrically crossing that planet's orbit. Then they are eventually ejected by Neptune, or have their perihelia pushed interior to the orbit of Uranus at which point their dynamical lifetimes become ∼10 Myr, usually being rapidly ejected from the Solar System (Dones et al. 1996 . Objects scattered to large orbits by Neptune will return to near the planet at subsequent perihelion passages. For a scattered object, the gravitational perturbation from Neptune might be considered as an impulse as the object passes its perihelion; this alters the velocity of the object but not its position. Thus, the q's of scattered objects generally remain small, maintaining the possibility of encounters with the planet. Nevertheless, the state with ) showed a chaotic orbital evolution for an orbit with those initial conditions. Note that there are severe detection biases in this plot and it is not a representative sampling of the trans-neptunian region.
q > 30 AU but still near Neptune can be very long-lived due to the large orbital periods and the low probability of Neptune being nearby when the object's rapid perihelion passage occurs. Levison and Duncan (1997, Fig. 6) show that, except for some cases in the 2 : 1 resonance with a 48 AU, objects with q > 40 AU are entirely absent or at least are of extremely low probability. Some objects have their perihelia raised from 35 to ∼38 AU due to a phenomena of "resonance sticking," to which we will return. Torbett (1989) and Torbett and Smoluchowski (1990) explored the dynamics of large-a orbits with q near Neptune. They showed that such orbits (up to q 45 AU) could be dynamically chaotic for large semimajor axes. Although exhibiting chaotic evolution does not guarantee orbital instability (cf. Gladman 1993), it was later seen to be strongly correlated with it in long-term numerical integrations in the regime of common exploration (out to about a = 50 AU, Duncan et al. 1995) . However, the time scale for orbital instability may be very long; a chaotic orbit at high a and high q may require >5 Gyr to reach a state in which it begins to interact strongly with Neptune.
There is as yet no firm definition of the boundaries of the SDO population. That is, there is no clear definition of what separates the SDOs from the Centaurs, nor the SDOs from the rest of the Kuiper Belt (Gladman 2002) , although the perihelion distance is often used to separate the populations. Trujillo et al. (2000) seem to define the SDO population as that with q = 34 − 36 AU. Based on their simulations, Duncan and Levison (1997) adopted q = 30 − 40 AU and a > 50 AU, although there seems to be no reason to exclude q < 30 AU. The semimajor axis, a, distribution of these objects has no formal upper limit in the simulations of Duncan and Levison (1997) , although a distinction from the inner Oort cloud becomes problematic at a > 1000 AU (Duncan et al. 1987) . The currently known SDOs (Fig. 1 ) must be more concentrated toward lower a than the "real" distribution due to selection biases; larger-a SDOs spend smaller fractions of their time near perihelion where they appear brightest and are more easily detected. A bias toward small perihelion distance q will also exist.
In this paper, we describe observational work which has detected the first members of a population of TNOs whose perihelia are outside of 40 AU, beyond the domain which has heretofore been associated with the "scattered disk" of Kuiper Belt objects interacting via gravitational encounters with Neptune. Given the biases against discovering and determining the orbits of such objects, we argue that their existence implies a very large population which may rival or exceed that of the "known" Kuiper Belt. We will discuss how this population may have arisen.
OBSERVATIONS
In order to appreciate the complications inherent in tracking and estimating the population of objects with large semimajor axes, we explain in some detail the observational history of the objects whose orbits are discussed in this paper.
The object 2000 CR 105 was discovered on 6 February 2000 in an ongoing survey by Millis et al. (2000) , and, based on the observed 3-week arc from a second night's observations on 27 February, the Minor Planet Center (MPC) placed it on a provisional "scattered orbit" with a = 82 AU, e = 0.59, and i = 31
• , implying q = 33.8 AU. The semimajor axis was chosen to be similar to that of 1996 TL 66 (B. Marsden, 2000, private communication) . Since the estimated heliocentric distance at the time of discovery was 55 AU, we realized this object was potentially of exceptional interest; only the much fainter 1999 DG 8 , at 62 AU, had ever been discovered at such a large heliocentric distance. Thus, we reobserved 2000 CR 105 on 28 and 29 March 2000 at the Canada-France Hawaii 3.5-m telescope; given the short time interval since the previous observation, we were stunned to find the object already a dramatic 24 arcsec off the ephemeris-an enormous positional error for a trans-neptunian object. This implied that the object was moving eastward much more rapidly than indicated by the initial orbit and thus had a much larger semimajor axis. Based on these observations, the orbit was revised by B. Marsden to a = 675 AU, e = 0.94, i = 23
• , making it the largest scattered disk orbit known at that time. Even with this preliminary orbit the perihelion (q = 41 AU) had risen out of the region believed to be strongly coupled to Neptune, but given a two-month arc on an orbital period of greater than 10,000 years, this perihelion distance was still rather uncertain. A further recovery attempt by M. Holman et al. in At this point, there was a broad range of possible orbits for 2000 CR 105 . Its astrometry was still formally consistent, within observational errors, with a parabolic orbit corresponding to a returning Oort cloud comet (albeit with the most distant perihelion ever observed). There was even the possibility that the orbit was hyperbolic (corresponding to the first observed interstellar comet), although this was less likely. It was still possible that CR 105 would turn out to have q < 39 AU and a relatively "typical" scattered disk orbit, but with a large semimajor axis. Lastly, and most interestingly, if a q > 40 AU perihelion could be confirmed then, we believed at the time, this object would turn out to be the first SDO beyond the dynamical influence of the giant planet system.
We thus decided to allocate considerable telescope time to the recovery and orbit determination of this object, beginning in the dark run of November 2000 and continuing every dark run until February 2001, to provide a high-quality data set on which to base orbital fitting. By March 2001 the unique orbit of this object was secure. Table I summarizes these efforts, along with the third-opposition recovery at the Nordic Optical Telescope. Note the frequent time sampling in the second (recovery) opposition and the abundance of observations away from opposition, which helps reduces the uncertainty in the orbital elements (Bernstein and Khushalani 2000) . It is worth noting that without our March 2000 observations this object would have been 19 arcmin away from its original ephemeris one year after discovery and would likely not have been recovered without considerable effort, even with the mosaic camera on which it was discovered. Based on this experience, it seems very plausible that some of the TNOs with only short arcs in their discovery opposition and then not found at their second opposition may very well have orbits similar to that of 2000 CR 105 . We thus take a fraction of 1 in ∼500 known TNO orbits as a lower limit to the number of 2000 CR 105 -like objects that have been detected in the flux-limited TNO/SDO database.
Based on its apparent R-band magnitude of m R = 23.3 ± 0.5, and an assumed 4% albedo, 2000 CR 105 's diameter is roughly 400 km. We do not consider the photometric data reliable enough, nor the assumed albedo accurate enough, to believe this to be accurate to more than a factor of 2 (2-sigma). This size places 2000 CR 105 at the high end of the known size range of trans-neptunian objects, a factor of 2 or 3 below the largest known objects.
The second TNO with a known high perihelion is 1995 TL 8 , an object discovered by the Spacewatch program (Larsen et al. 2001) . It had a much smaller semimajor axis (a 59 AU), but also appeared to have a perihelion above 40 AU. We tracked this object in February 2001 (at the Nordic Optical Telescope) and August 2001 (from the Calar Alto 2-meter). These observations confirmed that this object has q > 40 AU and that it is potentially near a fourth-order mean-motion resonance with Neptune (see below).
The TNO Because these last two objects have only 2-opposition orbits, their pericentric distances are less well constrained. We will not draw strong conclusions below from their currently uncertain orbits. Note. Astrometric uncertainties α ± 0.03s, δ ± 0.4 except * for which α ± 0.07s, δ ± 1 . Photometric uncertainties ±0.5 mag.
1-Millis et al. (2000) KPNO 4-m and WIYN (MPEC 2000-F07).
2-Gladman, Kavelaars, Holman, Petit (CFHT-3.5m). 3-Gladman (ESO-2.2m). 4-Nicholson, Kavelaars (Palomar-5m). 5-Holman, Gladman, Grav (KPNO-4m). 6-Nicholson, Gladman (Palomar-5m). 7-Grav, Holman (NOT-2.5m). 8-Gladman (VLT UT1-8m). 9-Gladman, Davis, Neese (KPNO 4-m). 10-Grav (NOT-2.5m).
ORBIT MODELING
Using the available astrometric data and the orbit determination software of Bernstein and Khushalani (2000) , optimized specifically for outer Solar System objects, we have computed an osculating orbit solution taking into account the perturbations of the four giant planets (Table I) . This algorithm provides error estimates in the fitted osculating orbital elements (Table II) .
Based on the available data, 2000 CR 105 's orbit is large, highly elliptical, and moderately inclined (Table II) . 2000 CR 105 is Fig. 1 ). The perihelion distance has a fractional uncertainty much smaller than a because a and e are strongly correlated; the uncertainty in the perihelion distance is only ∼0.1%. It is 2000 CR 105 's exceptionally large perihelion distance which merits special attention (Fig. 1 ). This figure shows that the only other TNO with perihelion sure to be above 40 AU is 1995 TL 8 , whose most recent published orbit from the Minor Planet Center is (a, e, i) = (52.78, 0.24, 0.20
• ). (Note that the MPC orbits are given in heliocentric osculating elements). 1995 TL 8 is near the 3 : 7 mean-motion resonance with Neptune (A. Morbidelli and D. Nesvorny, private communication 2001) , which might thus be involved in raising the object's perihelion.
COSMOGONIC IMPLICATIONS
In this section we discuss possible scenarios for how 2000 CR 105 and other high-q TNOs arrived on their current orbit. These include perihelion raising by diffusive chaos, as well as scattering due to (1) now-absent primordial embryos which passed through the forming Kuiper Belt, (2) a young Neptune that was forming a "fossilized scattered disk," (3) an unknown resident planetary-scale object in the distant Kuiper Belt, or (4) passing stars. Because CR 105 turns out to be the most difficult case, we will base much of our discussion on this object.
Diffusive Chaos
We conducted a variety of numerical experiments to investigate the long-term dynamics of 2000 CR 105 . We first numerically integrated the best-fit orbit of this object, along with 20 other sets of initial conditions distributed consistent with the estimated errors in the orbital elements; these initial conditions cover the entire region (>3-sigma) of the 3-opposition orbit. 2000 CR 105 and its "clones" were modeled as test particles moving in the gravitational field of the giant planets. The planetary positions and velocities came from the JPL DE403 ephemeris (with the terrestrial masses added to the Sun). The symplectic n-body map of Wisdom and Holman (1991) was used with a time step of 0.5 year for 5 Gyr of simulated time.
In addition to following the object trajectories, the tangent equations for each trajectory were also integrated Murray 1996, Mikkola and Innanen 1999) , allowing us to estimate the rate at which nearby trajectories diverge from each other. Regular or quasi-periodic trajectories separate from each other linearly or at most polynomially with time. Chaotic motion is characterized by exponential divergence of neighboring trajectories; the time scale of this divergence is called the Lyapunov time.
All of the trajectories share a number of characteristics: (1) Each is chaotic with a Lyapunov time from 5 × 10 4 to 10 5 years (15 to 30 orbital periods), consistent with previous studies of objects in this a, e regime (Torbett 1989, Torbett and Smoluchowski 1990) ; (2) the semimajor axis oscillates rapidly within a series of discrete ranges; and (3) the eccentricity also varies rapidly; however, this variation is correlated with a in such a way that q varies much more smoothly. This occurs because the object receives an impulsive kick from Neptune as it passes perihelion; at each conjunction, the position or perihelion distance of the object is nearly unaltered but the velocity, and thus a and e, is changed.
Malyshkin and Tremaine (1999) developed a two-dimensional "keplerian map," based on the planar restricted three-body problem, to study the long-term evolution of eccentric comet orbits perturbed by Neptune. Although their mapping assumes a fixed q and models the entire interaction as an impulsive kick at perihelion passage, their results capture many of the features seen in our integrations. Two of their principal results are (1) the phase space is densely covered with chains of islands from meanmotion resonances, and (2) the chaotic zone between these islands is contiguous. That is, a trajectory can diffuse to arbitrarily large semimajor axis. Figure 2 shows a typical example of the evolution of a and q. The rapid ∼50 Myr oscillation of q is caused by the "Kozai effect" of Neptune on the test particle (Kozai 1962 ), but its amplitude is far too low (see Thomas and Morbidelli 1996) to bring q down to small values. The center of each of the a-ranges, around which rapid oscillations occur, corresponds to a highorder mean-motion resonance with Neptune. This demonstrates the so-called phenomenon of "resonance sticking" in which chaotic trajectories are trapped, for possibly extended periods, near the boundaries of a resonant island (Karney 1983 , Meiss 1992 . This resonance sticking proves that 2000 CR 105 is in or near a regime in which chaotic phenomena are operating and that this region of phase space may be connected to regions of lower perihelion by an extended chaotic zone. This suggests the possibility that 2000 CR 105 was on a more "typical" SDO orbit, which then diffused via chaotic phenomena to its current high perihelion state. The long time-scale variations of perhelion distance are important for evaluating the plausibility of this hypothesis. Of the 20 integrated particles, two diffused to minimum q's of 39 AU at some point during their integrations, although most remained between 42 and 47 AU (Fig. 3) . We extended the integration of a test particle to determine the long-term fate of this object; the "random walk" in q continued, with a maximum observed perihelion distance of q = 50 AU. An orbit with q ∼ 40 AU was attained after 24 Gyr, at which point the semimajor axis diffused to very large (10 3 AU) values; shortly thereafter, q dropped even lower and the particle was ejected from the Solar System by Neptune. The integrations demonstrate that particles in the orbital region of 2000 CR 105 can, over very long time scales, reach perihelion distances at which strong scatterings due to Neptune occur. Of course, the opposite can occur because the equations of motion are time reversible. The fact that none of the clones reached q = 35 AU on 5 Gyr time scales indicates that the probability of the reversed process of reaching the current state of 2000 CR 105 is low. In particular, the probability of leaving the vast chaotic zone to enter the slowly diffusing regime is unconstrained; the absence of such trajectories in the Levison and Duncan (1997) simulations implies it is low.
To determine the origin of the observed dynamical chaos, we extended the work of Torbett and Smoluchowski (1990) by integrating 5400 test particles trajectories with q = 30 − 52 AU for 10 8 years (Fig. 4) . We estimated the Lyapunov time of each trajectory. In Fig. 1 we plot a point at those values of a and q for which the corresponding trajectory was chaotic with a Lyapunov time less than 10 5 years. (As a test, we checked that our high-e test particles, when integrated without planetary perturbations, were not chaotic.) Based on earlier descriptions of the boundaries of the scattered disk, we expected to see chaos for trajectories with q below a fixed value (a horizontal dividing line); our results show that SDOs with large a can have large q and still exhibit chaos on orbital-period time scales.
To understand the time scale of this chaos, we compared the Lyapunov times of the particles to their orbital period and found that a value of 20 test-particle orbital periods separates those trajectories that are strongly chaotic from those that are not. For large semimajor axes, using the orbital period of the test particle itself is probably the best reference time scale. In  Fig. 4 , we plot the initial a and e of those trajectories with nonzero Lyapunov times, both longer (points) and shorter (open squares) than 20 orbital periods. The solid line is a rough empirical estimate for the envelope of the trajectories chaotic on time scales of <20 orbital periods; few trajectories chaotic on "orbital-period time scales" are found below the line. Below the line some "weak chaos" is found, which functions on time scales much longer than the orbital period. The narrow "fingers" of nonchaotic trajectories that extend above the line correspond to the stable islands of high-order mean-motion resonances with Neptune. These resonances are narrow but not microscopically so; at high e, resonance widths do not depend as strongly on the order of the resonance as they do at low eccenticity. An analytic estimate of the width of the 6 : 1 mean-motion resonance with Neptune, for example, yields roughly 3 AU at Neptune-crossing eccentricity (Morbidelli et al. 1995) . On either side of these "fingers" are chaotic regions resulting from the overlap of adjacent resonances. A detailed resonance overlap calculation, extending the work of Wisdom (1980) , can be completed at high eccentricity by employing the technique of Ferraz-Mello and Sato (1989) .
We briefly note that the TNO 1995 TL 8 is near a region which might plausibly be reached by chaotic diffusion related to the nearby 3 : 7 mean-motion resonance. If the estimated q = 41.4 of 2000 YW134 is confirmed, its somewhat higher perihelion may pose a greater problem, although the 3 : 8 mean-motion resonance with Neptune is nearby.
Finally, to address the probability of insertion of scattered TNOs into extended scattered disk orbits, we have extended the integrations of Guillot and Gladman (2001) , who studied the fates of 10,000 test particles started between 4 and 40 AU, to study late planetesimal accretion by the giant planets. During the first 100 Myr of these simulations, no particles were observed to reach q > 40. We extended the integration of 3000 of their initial conditions to 1 Gyr, and of another 7000 to 400 Myr to see if on this longer time scale perihelion-raising could occur. As in Duncan and Levison (1997) , perihelion lifting was seen to occur inside mean-motion resonances with Neptune, especially the 2 : 1 (cf. Levison and Duncan 1997) . Figure 5 shows an example of this process. However, none of the integrated trajectories with a > 100 AU ever exhibited q > 38 AU, and for a = 50 − 100 AU this only occurred temporarily for ∼0.1% of the particles, and then only inside low-order mean-motion resonances. Figure 6 presents a magnification of the region near 2000 CR 105 showing the region traversed by test particles during the 1 Gyr integrations; no particles were observed to rise above q = 37 AU. In the more extensive integrations of Levison and Duncan (1997) , some additional phase space up to nearly q = 38 AU is accessed (H. Levison and L. Dones, private communication 2001) . We conclude on the basis of these integrations that the probabililty of reaching a dynamical state like that of 2000 CR 105 from a set of dynamically "cold" (with low initial i in particular) is less than 1 in 10 3 . The likelihood of reaching a dynamic state like that of CR 105 may be higher if initial conditions with larger inclinations are used (Dones 2001 , private communication).
FIG. 5.
An example of temporary trapping in the extended scattered disk. The test particle began on circular orbit with a = 32 AU and zero inclination. After an initial stage of about 130 Myr in the scattered disk with perihelion very near or interior to Neptune, the semimajor axis lands near that of the 5 : 1 mean-motion resonance with Neptune at a 88 AU. Due to the influence of the resonance, the perihelion q rises very far above 30 AU; the fact that while in the resonance the evolution of the inclination i and q are strongly correlated indicates that the Kozai resonance is present inside the mean-motion resonance. After more than 500 Myr in the resonance a strong interaction with Neptune removes the particle from the resonance. This temporary "resonant decoupling" is commonly seen inside the 2 : 1 resonance (about 0.5% of all initial conditions temporarily have q > 37 AU while inside the resonance), rarely from a = 50 − 100 AU (∼0.1% have q > 37 AU while in some mean-motion resonances with Neptune), and never seen (no cases in our integrations) for a > 100 AU.
The details of our discussion are best refined once the semimajor axis uncertainty of 2000 CR 105 drops below 0.1 AU, allowing us to determine exactly where in phase space it resides; it could conceivably be in a dynamically more stable region. Although we have given an extensive discussion of the diffusive chaos hypothesis (due to the fact that we can easily explore it numerically), the cosmogonic implications are even more dramatic if this hypothesis is either incorrect or untenable due to low probability. In such a case, the existence of objects weakly coupled to the planetary system provides strong constraints on the formation of the outer Kuiper Belt. We now discuss three scenarios which could produce large numbers of such weakly coupled or decoupled TNOs.
Primordial Embryos
Given that four planets with masses greater than 10 Earth masses formed in the outer Solar System, it is unlikely that no objects with martian-terrestrial mass also formed in the region. Morbidelli and Valsecchi (1997) and Petit et al. (1999) developed the idea that one or several of these objects (which they call 'embryos') would have been logically scattered outward by Neptune and spent some time as SDOs transiting the forming Kuiper Belt, thus causing the dynamical excitation and mass loss observed therein. Close encounters with these passing embryos disturb the Kuiper Belt out to the aphelic distance of the embryos, which are often 50-100 AU; scattering events can thus produce TNOs with perihelia well past Neptune on high-e orbits. Once the embryos are eliminated by further gravitational interactions with Neptune, as 90% of SDOs are in 10 Myr , the TNOs remaining are extremely long lived. In this scenario, 2000 CR 105 may represent an object formed outside 50 AU which was scattered to a large-e orbit due to Our numerical simulations were sampled at 10 4 year intervals, and a point on this plot indicates that an integrated particle had the corresponding orbital elements at that time (and thus, the density of points is proportional to the fraction of a steady-state population with those elements). encounters with one of these embryos. Perhaps more likely, 2000 CR 105 could have been formed much closer and also became a SDO via scattering by Neptune, and then an encounter with a distant embryo sufficed to raise q to 44 AU. Thommes et al. (1999) propose that the "embryo" passing through the Kuiper Belt may have been Neptune itself, during a formation process in which it transited the Kuiper Belt on an orbit either more eccentric or with larger a before reaching its present nearly circular orbit at 30 AU. Being much more massive than the embryos discussed above, Neptune would be able to produce extensive dynamical "damage" in a shorter time. With its current a and a modest e of ∼0.3, which Thommes et al. damp via gravitational friction with a massive planetesimal disk in the vicinity, Neptune could encounter particles as far out as 44 AU. After Neptune's aphelion evolves out of the 40 AU region (presumably rapidly), the TNOs with q above this limit are "fossilized" on orbits which either do not evolve over the lifetime of the solar system, or evolve only slowly via the diffusive mechanisms discussed above. 2000 CR 105 could be an example of the latter case.
Fossilized Scattered Disk

Resident Planet
Another possibility is that 2000 CR 105 arrived in its current dynamical state due to gravitational interaction with a planetarysized body that is still resident in the Kuiper Belt. This could come about in two ways. First, in the distant Kuiper Belt, beyond the region sculpted by the whatever processes disturbed the 30-50 AU region, a planetary-mass body (the size of the moon to Mars for example) or several, may have formed in situ over the lifetime of the solar system. The perturbations of this body have sculpted the outer Kuiper Belt. A Mars-sized body (with escape velocity of 5 km/s) at 100 AU where orbital velocities are only ∼3 km/s could scatter a body like 2000 CR 105 to its present orbit.
More likely may be a scenario in which several lunar-martian mass bodies were in the scattered disk, traversing the 50-200 AU region. Many such bodies were likely formed interior to Neptune as the cores of the giant planets were accreting and some would have ended up as SDOs. Since orbital velocities at those distances are comparable to the escape speeds of these bodies, mutual encounters between the "embryos" could place one or more of them on orbits entirely exterior to Neptune; the planetary embryos still coupled to Neptune would have been rapidly ejected, leaving the decoupled embryo(s) "lodged" in the distant Kuiper Belt. The resident embryo would then perturb the orbital distribution of the scattered disk. Similar ideas trace back to Fernández (1980) and Ip (1989) , who sought to push short-period comets to Neptune-crossing orbits via decoupled embryos before long-term gravitational erosion was characterized as a supply process . Unpublished simulations by Morbidelli (2000, private communication) and Brunini et al. (1999, private communication; Icarus, submitted 2001) show that this decoupling process can happen naturally. This scenario could be responsible for the apparent lack of objects on nearly circular orbits outside the 2 : 1 resonance (see Jewitt et al. 1998 , Allen et al. 2000 for discussion) and the lack of detection of the so-called "Kuiper Wall" (Trujillo 2000) .
Passing Stars
A last scenario is that high-pehihelion orbits have been produced due to the close passage of another star. Ida et al. (2000) show that a very close passage could perturb the Kuiper Belt and raise a particle with a ∼ 200 AU from a circular orbit to one like that of CR 105 ; rapidly building such a large object at that distance when our young Sun may have been in a dense stellar environment (in order to have a nonnegligible probablility for such a close passage) may be problematic. However, Fernandez and Brunini (2000) showed that objects already emplaced in the scattered disk could suffer orbital perturbations due to more distant stellar passages sufficient to raise their perihelia.
DISCUSSION
Having examined the possibility that diffusive chaos might produce the orbits of these objects and briefly discussed other cosmogonic possibilities, we turn to the ramifications of the identification of this population. The importance of these high-q objects is related to the large population implied due to their relative unobservability. Extremely roughly, we estimate that the majority of the TNO surveys to date, having searched of order 300 square degrees within ∼5
• of the ecliptic to limiting magnitude m R = 23 − 24, are capable of detecting 2000 CR 105 for only a small fraction of its orbital period. A simple Monte Carlo simulation shows that the 400-km diameter 2000 CR 105 brightens above m R = 23 − 24 near perihelion for only 1 to 2% of its orbital period; accounting for the fraction of time an object with a 23
• orbital inclination spends within 5
• of the ecliptic reduces it to being visible for only ∼0.1-0.3% of the time in previous surveys. Estimating that these objects are spread over the sky within ±30
• of the ecliptic (about 2 × 10 4 square degrees) implies a lower limit of ∼10 4 such objects (because other objects already detected within the surveyed region of the sky may have in fact had high q and been lost). Objects with perihelion higher than 44 AU would be even harder to detect and identify via orbital tracking. Given this extreme detection bias against finding objects such as 2000 CR 105 , there must be a large number of objects with perihelia higher than the 34-38 AU range previously defined for the scattered disk. Taking a power-law cumulative size distribution with index of roughly 3 implies a population of ∼10 4 × 4 3 ∼ 10 6 objects with diameter larger than 100 km, 1 to 2 orders of magnitude larger than the previously estimated populations of "classical" Kuiper Belt between 30 and 50 AU (Jewitt et al. 1998 ) and the scattered disk (Trujillo et al. 2000) .
Thus, the "scattered disk" of objects currently strongly coupled to Neptune may merge into a much more massive "extended scattered disk" where objects are only weakly perturbed by Neptune. We take the above estimates as good to only 1 to 2 orders of magnitude, implying that the extended scattered disk population at least rivals the previously known components of the Kuiper Belt.
We propose that for the moment these objects should not be classified as scattered disk objects unless a definition can be arrived at which would delineate SDOs from an object on a regular orbit (for example, a = 210 and e = 0.7, which is neither chaotic nor coupled to Neptune) and yet clearly not a member of a primordial "cold disk" of low-e and low-i planetesimals. If the eccentricity and inclination distribution of the extended scattered disk does not have the structure of a fossilized disk (with a gap in eccentricity between the high-e scattered particles and much lower e primordial particles), then it will be difficult to say where the "extended scattered disk" ends! These nomenclature problems are expanded upon in Gladman (2002) .
We are not yet able to reliably estimate the likelihood that these large-q objects have diffused to their q > 40 AU orbits after emplacement in the regular scattered disk. The rarity of such particles in our integrations and those of Levison and Duncan (1997) indicates that this is roughly <1 in 10 3 of the SDOs initially populating the scattered disk. The number of SDOs currently remaining in this q < 40 AU scattered disk (3 × 10 4 with diameters D > 100 km; Trujillo et al. 2000 ) is estimated to be 1% of the initial population , implying an initial population of 3 × 10 6 SDOs with D > 100 km. If the extended scattered disk currently contains ∼10 6 objects (whose orbits are essentially stable over 4.5 Gyr), then this implies an emplacement efficiency of 30%, which we believe the dynamical simulations rule out. If, on the other hand, 2000 CR 105 is a "lucky find of a big object" and the extended disk contains only ∼10 4 object with D > 100 km, then only 1 in ∼300 initial SDOs need to reach the high-q state to give a current fraction of 1/3 and dynamical diffusion may be a practical solution. To disprove this hypothesis would require the direct integration of ∼10 4 − 10 5 particles initially in the scattered disk to show that the emplacement efficiency via only diffusion is firmly below 1 in 10 3 . The effect of the initial inclination distribution of particles which are fed into the scattered disk from the giant planet regime should be studied.
Given the direct detection bias against, and the possible earlier loss of other already discovered objects that may have been on similar orbits, the actual fraction of the visible trans-neptunian region that is also on high-q orbits could be as large as several percent of the designated objects (currently 2-4 exist, depending on what definition is used and the reliability of the orbits of 2000 PH 30 and 2000 YW 134 ) . In this case, the diffusive hypothesis may become untenable and some of the more cosmogonically dramatic scenarios may be necessary. If a high-a TNO totally decoupled from the planetary system can be identified, then the reality of these dramatic scenarios can be constrained; the fact that the first high-q TNOs are in the diffusive boundary regime would then be understood to be due to detection bias which favors the latter's discovery. One cannot stress enough that continued tracking of all discovered TNOs, especially 2 to 3 months after discovery and then into the second opposition, is necessary in order to reliably estimate the fraction of the Kuiper Belt which is in the extended scattered disk.
CONCLUSION
The observational limits on the population of extended scattered disk objects are weak, because high-a objects which pass with perihelia well above 40 AU are only bright enough to be seen for a small fraction of their orbital period. This structure may extend the "scattered disk" out to very great distances. A model of the extended scattered disk is premature since a population estimate coming from such a model would depend entirely on the assumed q distribution. More observations are required to improve our knowledge of the distant Kuiper Belt; the identification of several more would prove that this population rivals that of the entire Kuiper Belt and "regular" scattered disk.
The lesson provided by our tracking of the exceptional TNO 2000 CR 105 is that follow-up inside the first year (2 to 3 months after discovery) is critical in order to detect these large orbits, for without such a recovery the TNO will be very far from even a "normal" scattered orbit one year later, at which point recovery becomes problematic without the expense of considerable observations resources. Our knowledge of the dynamical structure of the outer Solar System need not be limited by the assumptions imposed by the lack of reliable tracking of the detected objects. The preferential loss of the most exceptional trans-neptunian objects warps our view of the Kuiper Belt. SAO Predoctoral Fellowship. We thank Joe Burns, Brian Marsden, Alessandro Morbidelli, and Norm Murray for helpful input.
